notion that glycaemic control is important not only in Type 1 (insulin-dependent), but also in Type 2 (noninsulin-dependent) diabetes mellitus. Although measurement of HbA 1c is the standard for assessing the effect of glucose control in the occurrence and prevention of diabetic sequelae, more recent evidence indicates that other glucose parameters are also important. Postchallenge and postprandial hyperglycaemic peaks seem to be prospective determinants of vascular damage in early Type 2 diabetes. Currently, there is no overall accepted standard approach for the pharmacological management of Type 2 diabetes. The United Kingdom Prospective Diabetes Study has shown that reaching a near-normal glycaemic target is critically important and the pharmacotherapy of this progressive disease is difficult. Loss of endogenous insulin secretion has been substantiated to cause the progression of Type 2 diabetes in the United Kingdom Prospective Diabetes Study. Early insulinization, however, was not advantageous over other forms of therapy. The advent of polypharmacy in recent years has greatly strengthened the treatment of this disease. This synergy has been extended of late with the development of earlyphase insulin secretion agents. Two such agents, nateglinide and repaglinide, can be used to reduce mealtime glucose excursions and HbA 1c as monotherapy, and in combination with metformin; their antidiabetic potential is similar to the combination treatment with glibenclamide and metformin. Additional substantiation of their long-term effect on improving life expectancy and reducing diabetic complications in Type 2 diabetic patients is now required. [Diabetologia (2003) 
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Keywords Type 2 diabetes, hyperglycaemia, glucose control, blood pressure, lipids, oral antidiabetic agents. also in Type 2 diabetes [1, 2, 3] . Diabetic complications can be prevented by improved glucose control in this type of diabetes, and in conjunction with adequate control of blood pressure and lipids. Our ability, however, to reach the rather low long-term glycaemic targets suggested by the various international guideline groups for the treatment of Type 2 diabetes in recent years [4, 5] is, at best, limited in view of the complex and progressive nature of the disease. New treatment approaches are needed to attack the hyperglycaemic threat more appropriately and sufficiently in Type 2 diabetic patients. In this review, the present role of oral antidiabetic agents will be discussed and, in particular, why and when to use an early-phase insulin secretion agent, such as nateglinide and repaglinide, in treating Type 2 diabetes.
The landmark United Kingdom Prospective Diabetes Study (UKPDS) and other studies have clearly shown that glycaemic control matters not only in Type 1, but
Fasting versus postprandial hyperglycaemia
Although measurement of HbA 1c is still the gold standard for assessing the impact of glucose control in terms of the occurrence and prevention of diabetic sequelae, more evidence has accumulated indicating that other glucose parameters are also of importance [4, 5] . Postchallenge and postprandial hyperglycaemic peaks seem to be prospective determinants of vascular damage in early Type 2 diabetes [6, 7, 8] and even during impaired glucose tolerance (IGT), in particular in relation to cardiovascular disease [9, 10] . The Diabetes Epidemiology Collaborative Analysis of Diagnostic criteria in Europe (DECODE) and other epidemiological studies have indicated that higher glucose excursions during IGT are a strikingly stronger predictor of cardiovascular risk than fasting hyperglycaemia in the context of HbA 1c being in the non-diabetic range by definition [6, 7, 9, 10].
Postprandial hyperglycaemia also seems to contribute to the formation of HbA 1c . Postprandial blood glucose was more strongly correlated with HbA 1c than fasting blood glucose in a French study [11] . Targeting postprandial blood glucose in addition to fasting blood glucose during pregnancy led to a lower HbA 1c of approximately 1% [12] . Conversely, concentrations of fasting plasma glucose were maintained in the insulin arm of the UKPDS over more than 5 years during the second half of the study, yet HbA 1c showed a steady increase year after year [2] . This was reflected in the other treatment arms, suggesting postprandial glucose peaks were a major source for haemoglobin glycation in this situation. In the Diabetes Mellitus, Insulin Glucose Infusion in Acute Myocardial Infarction (DIGAMI) study, aggressive antihyperglycaemic treatment with insulin reduced mortality after myocardial infarction (MI), in the short-term and long-term [13] . Differences in glucose concentrations were associated with differences in HbA 1c between these two randomised treatment groups. These inconsistencies were exclusively found in the non-fasting state. Overall, a good rationale for adequate control of postprandial hyperglycaemia in Type 2 diabetic patients exists, if prevention of macrovascular complications and near normal HbA 1c values (i.e. <6.6%) are the goals of therapy [4, 5, 8, 14] .
The recently published American Diabetes Association (ADA) consensus report on postprandial blood glucose should also be mentioned in which, although acknowledging the increasing role of postprandial glucose, it was stated that there are still "insufficient data to determine the relative contribution of FPG (fasting plasma glucose) and PPG (postprandial plasma glucose) to HbA 1c . It appears that FPG is somewhat better than PPG in predicting HbA 1c , especially in Type 2 diabetes" [15] . Furthermore, the ADA report also concluded that for the time being, the contribution of postprandial plasma glucose to the long-term complications of diabetes mellitus is still controversial [15] . Although not proven, it could well be that over time, as the disease progresses from the phase of impaired glucose tolerance to chronic hyperglycaemia, the contribution of postprandial glucose to HbA 1c decreases relative to that of fasting glucose.
Metabolic phenotypes
Even in the post UKPDS era and the days of evidence-based medicine, pharmacotherapy of Type 2 diabetic patients has remained much more individualised than in Type 1 patients, where intensified insulin therapy is the treatment of choice. Deliberating the disadvantages of currently available treatments for pharmacotherapy on the one hand, and assessing the specific metabolic characteristics of the individual patient on the other, seems to be a logical way to tailor antidiabetic therapy to the personal needs of Type 2 diabetic subjects and to ensure best quality of life [16, 17] . Although there is always overlap, four major metabolic phenotypes can be differentiated: postprandial versus, fasting hyperglycaemia, and insulin resistance versus, insulin deficiency.
The metabolic phenotype can alter, however, along with the development and progression of the disease. Type 2 diabetes often emerges predominantly as a postprandial disease, provided the diagnosis is not delayed for years [18] . The potential role of postprandial hyperglycaemia as a cardiovascular risk factor has already been discussed. Fasting hyperglycaemia points to a more advanced stage of insulin deficiency and a markedly increased hepatic glucose output [19] . Strong insulin deficiency early in the progression of the disease could result in a misclassification of lateonset autoimmune (Type 1) diabetes in adulthood, but is certainly compatible with forms of Type 2 diabetes in various ethnic groups [20] . Insulin deficiency could be particularly prominent during the early phase of insulin secretion, even in the prediabetic IGT phase, leading to an insufficient suppression of hepatic glucose output after a meal and, hence, to postprandial hyperglycaemia [21] . Insulin resistance seems to be a lifelong key problem in many Type 2 diabetic patients, even under treatment with insulin, and is aggravated by the modifiable factors of central obesity and physical inactivity [22] . Insulin resistance is widely envisaged as the underlying denominator of the metabolic risk network consisting of hyperglycaemia, hypertension and dyslipidaemia [23] .
Current treatment approaches to Type 2 diabetes management
Currently, there is no overall accepted standard approach to the pharmacological management of Type 2 diabetes. The UKPDS has shown how difficult the pharmacotherapy of this strikingly progressive disease can be and that reaching a near-normal glycaemic target is critically important, irrespective of the mode of therapy [24] . Loss of endogenous insulin secretion has been substantiated to cause the progression of Type 2 diabetes in the UKPDS [1, 2] . Early insulinization, however, did not seem to be advantageous over other forms of therapy. In the more obese (and probably more insulin resistant) subgroup of the UKPDS, metformin was the only therapy associated with a reduction of mortality in addition to a reduction of diabetic complications [25] . Hence, metformin treatment is widely recommended as first-line therapy in obese Type 2 diabetic patients, provided that contra-indications have been excluded. In addition, both glibenclamide and insulin as first-line therapy are also proven to reduce diabetic complications in both lean and obese Type 2 diabetic patients [1] . Still under debate, however, is the question as to whether this proven efficacy can be extrapolated to all insulin secretagogues. The sulphonylurea chlorpropamide also showed negative effects in the UKPDS; insulin therapy in this study was based on long-acting Lente insulin which has since been abandoned for other reasons [1] .
Only a minority of patients in the UKPDS maintained their glycaemic target over 10 years, regardless of the initial randomly assigned pharmacotherapy, and in spite of additional therapy with other drug options [2] . The HbA 1c lowering capacity of all available drugs for the treatment of Type 2 diabetes as evaluated in randomised, placebo-controlled trials is limited at around 1% for most compounds and 2% at best (Table 1) [15, 16, 18, 26, 27, 28] . For example, between the less intensive treatment groups started exclusively on diet and the various drug treatment groups in the UKPDS, the difference in HbA 1c was 0.9% [1] . The overall conclusion from this study was to treat Type 2 diabetes as early as possible, and to escalate therapy, however, to more aggressively keep pace with the progressive disease, and take the use of insulin into consideration. Treatment with antidiabetic drugs or insulin, as monotherapy, should be initiated if diet therapy and physical activity training programmes fail to maintain fasting plasma glucose concentrations of 6.0 mmol/l and HbA 1c values of less than 6.6% [4, 5] .
The greatest advance in the treatment of Type 2 diabetes in recent years, is the advent of polypharmacy, initially suggested by the UKPDS [2] . This synergy ( Fig. 1) has been strengthened of late with the development of early-phase insulin secretion agents. Our inclination is to start combination therapy early, to maximise efficacy and to minimise side effects (Table 2) . Characteristically, antidiabetic drugs do not have a linear dose-effect relation; a medium dose of any antidiabetic agent will typically provide 70 to 80% of the maximum blood glucose lowering effect [15, 16] . Based on this notion, it is preferable to look for a synergistic combination therapy in case a medium dose monotherapy can not sufficiently reach the glycaemic target, instead of titrating to effect resulting in a greater potential for side effects.
Modes to select antidiabetic drug treatment
The analogy with antihypertensive drug treatment is remarkable. In the selection of the appropriate antidiabetic first-line therapy, the pros and cons of available options are estimated in relation to the individual patient's coexisting morbidity, metabolic situation and preferred lifestyle. After considering potential problems (Table 3) , selection is based on the apparent metabolic phenotype (Table 4 ) and treatment usually started at low dose with subsequent slow adjustment to metabolic demands. In case of insufficient success, as a result of side effects or inade- quate glycaemic control, an alternative option could be used. Early combination therapy will frequently be the therapy of choice. Body mass index and the risks of hypoglycaemia, renal and cardiopulmonary function including oedema, are major determinants for the choice of treatment (Table 3 ). In contrast, the stage of the disease with its metabolic phenotype influences the decision on the choice of therapy (Table 4) . If the problem is predominantly confined to the postprandial phase early in the disease, alpha glucosidase inhibitors, short-acting sulphonylureas, and enhancers of early-phase insulin secretion are good options for treatment, when potential adverse effects are also taken into account [15, 16, 29] . In more advanced stages, when fasting hyperglycaemia represents the main challenge, in the context of insulin resistance, metformin and glitazones are good candidates for drug treatment [15, 18, 29] . With increasing insulin deficiency, long-acting sulphonylureas and insulin therapy should be applied. Regulatory issues also play a role; European authorities have reserved some of the newer compounds, i.e. the glitazones, exclusively for combination therapy either with metformin or, if contraindications do not allow its use, with sulphonylureas. This and other restrictions, however, do not reflect specific evidence of negative research, but consider the availability of long-term results with metformin and sulphonylureas.
Profile and position of early-phase insulin secretion agents
At present, two so-called early-phase insulin secretion agents are available for therapy: nateglinide, a derivative of the amino acid D-phenylalanine, and repaglinide, a derivative of benzoic acid. Both are chemically distinct from sulphonylureas and recently, the term "glinide" has been used to describe that group of compounds. Although it is clear that these compounds are structurally dissimilar to sulphonylureas, they also have statistically significant differences to each other. Conversely, from a more practical point of view, glinides might be regarded as very rapid and most short-acting insulin-releasing agents which have many characteristics in common with sulphonylureas.
Nateglinide, like repaglinide and sulphonylureas, acts directly on the pancreatic beta cell to stimulate insulin secretion that is rapid, of short duration, and is dependent on ambient glucose [30, 31] . Experimental evidence shows that nateglinide restores early-phase insulin secretion even faster than the benzoic acid derivative, repaglinide, in diabetic animals [32] . Nateglinide given to Type 2 diabetic patients just before meals decreases mealtime glucose excursions which improves overall glycaemic control with a minimal risk of hypoglycaemia [33] . Compared with placebo, HbA 1c values are approximately 1% lower after nateglinide therapy [34, 35] . These new non-sulphonylurea entities seem to be particularly appropriate for controlling postprandial hyperglycaemia.
Both short-acting insulin secretion agents, nateglinide and repaglinide allow a more flexible lifestyle and the possibility to skip a meal without the risk of hypoglycaemia that would be experienced with glibenclamide therapy. Conversely, an additional meal can be incorporated into the meal plan, preceded by an extra dose without worsening glycaemic control. Unlike glibenclamide treatment, control of body weight seems to be easier with nateglinide [36] . In several randomised, placebo-controlled studies, no significant increase in body weight was observed in patients treated with nateglinide for up to 6 months, despite the improved metabolic control [34, 36, 37] . No differences in body weight were reported when nateglinide was compared with metformin therapy which has been shown to be associated with the lowest BMIs in the UKPDS [25] . Conversely, repaglinide therapy has been associated with some increase in body weight [15] .
In summary, nateglinide and repaglinide offer good alternative options for first-line therapy when dietary therapy is not sufficiently effective, hyperglycaemia is mainly confined to the postprandial state and the use of metformin is not advisable due to frequent contraindications and/or side effects. Nateglinide could also substitute favourably for sulphonylureas such as glibenclamide in this early phase of Type 2 diabetes, since nateglinide-induced insulin secretion is short lived. Moreover, treatment with this new insulin secretion agent does not incur chronic hyperinsulinaemia, which can be advantageous in controlling BMI and avoiding the burden of otherwise occurring hypoglycaemia [38] . Hence, the use of nateglinide could be of benefit for elderly subjects. Such compounds which do not contain a sulphonylurea moiety are also excellent candidates for early combination therapy with other oral agents, in particular with metformin. The blood glucose-lowering capacity of nateglinide and repaglinide is completely additive to that of metformin, thus yielding an overall potential HbA 1c reduction of 1.8 to 2.5% comparable to the potency of combined glibenclamide and metformin [27] . The UKPDS, however, has raised some controversy on the usefulness of this latter combination, as a result of a reportedly higher rate of cardiovascular complications compared with randomly maintained monotherapy with glibenclamide. Conversely, the cardiovascular complication rate was unusually low in the glibenclamide group [39] .
Nateglinide or repaglinide could also be used in combination with either alpha-glucosidase inhibitors or glitazones (Fig. 1) . Combination with troglitazone was shown to double HbA 1c reduction compared with repaglinide monotherapy without significant weight gain, in contrast to the excessive weight increase of more than 6 kg reported for the combination of glibenclamide with troglitazone [40] . Alpha glucosidase inhibitors, repaglinide and nateglinide, all target postprandial hyperglycaemia via different mechanisms and should, therefore, be beneficial in combination; there is, however, no published evidence for this combination.
Multi-drug strategies and limits
Hard evidence for improving the outcome and reducing diabetic complications in Type 2 diabetic patients is currently only available for first-line therapy with either glibenclamide, insulin or metformin, the latter for obese patients [1, 25] . The variety of combination and multi-drug therapies is an obvious necessity in view of the immense difficulty of reaching and maintaining target metabolic control close to the normal range, i.e. to achieve an HbA 1c of less than 6.6%. With regard to outcome, however, no evidence is currently available showing the effective uses of these strategies on endpoints and reducing diabetic complications. Though it seems highly likely that diabetes-related morbidity and mortality will be reduced via glycaemic control achieved by combination therapy, one should not forget that the example combination of glibenclamide and metformin failed to achieve this goal despite improved metabolic control in the UKPDS [39] . Hence, more outcome-oriented long-term studies are mandatory in Type 2 diabetic patients. These should include both combination therapies (including the use of insulin) and monotherapy with the newer classes of antidiabetic agents.
For the time being it seems reasonable to add insulin to existing treatments, if oral combination therapy fails to achieve the target metabolic control. Moreover, this will also reduce HbA 1c values [41] . Alternatively, multiple dose insulin therapy should be discussed with the patient, although this strategy is not supported directly by outcome-based evidence [41] . A third option might be to extend oral treatment to triple therapy if target glycaemic control seems to be within reach by this approach [42] . Only a few studies using oral triple therapy and more triple therapy studies with the inclusion of insulin have been published. These usually indicate that the HbA 1c -lowering effect of the third drug is preserved.
Perspective
The availability of the early-phase insulin secretion agents nateglinide and repaglinide adds to our armamentarium to improve glycaemic control in patients with Type 2 diabetes. They can be used to reduce mealtime glucose excursions as monotherapy, and in combination with metformin; their antidiabetic potential is similar to the combined treatment of glibenclamide with metformin. Additional substantiation of the long-term effect of these innovative compounds to improve life expectancy and reduce diabetic complications in Type 2 diabetic patients is now required. 
